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CHAPTER 4 
 
4.0  INTRODUCTION 
Neurohistology of cerebellum will display general or specific structural features 
of the cerebellar tissue. From the findings of a histological study, information at 
cellular level on cerebellar tissue could be revealed. However, in order to get good 
histological result involving non-mammalian neural tissue, the application of the 
histological techniques is rather challenging.The techniques need to be replicated many 
times in order to get a good result. The common histological techniques consisted of 
dehydration, clearing, infiltration, embedding, sectioning, mounting and staining of the 
tissue sample. 
4.1  MATERIALS AND METHODS 
4.1.1 Tissue processing   
The cerebellar tissues used in this neurohistological study were abstracted 
cerebellum fixed and post-fixed in 10% formalin (see section 2.1.1). The stabilized 
cerebellar tissues must be adequately supported before they could be sectioned for 
microscopic examination. The tissues were commonly taken through a series of 
reagents for the purpose of dehydration, clearing and finally infiltration and embedding 
in paraffin, a stable medium which when hard, provided the necessary support for 
sectioning by microtome. This whole treatment of tissue processing tried to reduce the 
possibility of loss of cellular constituents and shrinkage or distortion. After fixation, the 
four main stages carried out were dehydration, clearing, infiltration and embedding.  
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4.1.1.1Dehydration 
 The first step done in processing is dehydration. The tissue was processed by 
removing some or all of the free water from the cell.The process was accomplished by 
passing the tissue through a series of increasing alcohol concentrations.During this 
procedure various cellular components were dissolved by dehydrating fluids. This was 
also done to prevent the tissues from being shocked by diffusion currents.  
 The duration of dehydration was kept to the minimum in consistent with the 
tissues being processed. First, the tissue was put into 70% alcohol solution for 1 hour or 
more. Then, it was transferred into 85% alcohol solution for another 1 hour. After that, 
it was once again transferred into 95% alcohol solution twice for an hour each and 
finally into 100% absolute alcohol solution twice for 1 hour each. The preparation of 
70% and 85% alcohol solution is shown in Appendix II. Nonetheless, 95% and 100% 
absolute alcohol were commercially acquired.   
4.1.1.2Clearing 
 The next step done is normally referred to as ‘clearing’, the transition step 
between dehydration and infiltration with the embedding medium.It involved removal 
of the dehydrant (alcohol) with a substance that would be miscible with the embedding 
medium (paraffin). Toluene was the clearing agent of choice. A slight shrinkage was 
expected to occur when tissues were transferred from the dehydrant to the transition 
solvent, and from transition solvent to wax. In the final stage someshrinkage could have 
been resulted from the extraction of fat by the transition solvent. The presence of 
opaque areas was used as indication of incomplete dehydration.  
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 The tissue was put into toluene twice for 1 hour each. After that, it was 
transferred into 1:1 mixture of melted toluene wax and paraffin for another 30 minutes 
and this was done in the oven at 60 
0
C.   
 The mixture of toluene wax and paraffin tended to solidify when exposed to 
room temperature (27
o
C). Thus, the specimens could stick to the forceps being used 
and this might destruct the outermost layer of tissue. To overcome this problem, the 
forceps used for transferring the specimen into the hot specimen bottle was heated on 
flare lamp before each transfer.  
4.1.1.3 Infiltration 
 Infiltration is the saturation of tissue cavities and cells by a supporting 
substance which is generally, but not always the case, the medium in which the tissue is 
finally embedded in. In this study, paraffin wax was used. Tissues were infiltrated by 
immersion in paraffin wax, which was fluid when heated and solid when cooled, to 
provide a firm mass suitable for sectioning.  
The immersed tissue specimens from the mixture of melted toluene and paraffin 
were transferred consequently through three pots of pure melted paraffin (Figure 4.1) in 
the oven (60
o
C) for 1 hour each. During this process the tissues were completely 
infiltrated with melted paraffin.  
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Figure 4.1: Pots containing melted paraffin 
 
4.1.1.4Embedding 
For the embedding process, melted paraffin was poured into a mold to form a 
block (Figure 4.2). This has carried out subsequent to infiltration. Each 
tissuespecimenwas placed into an embedding mold by using a pair of warm forceps 
(Figure 4.3). As described earlier (section 4.1.1.2), a pair of warm forceps was used to 
prevent the tissues from sticking to the forceps tips. The tissues were orientated in the 
mold to ensure that they were aligned properly as desired. The rostral and caudal parts 
of eachtissue specimenwere identified to ease sectioning. A label was inserted at the 
block face to indicate the start of the sectioning process (Figure 4.4). After that, the 
blocks were allowed to cool until a thin outer layer of solid wax was formed 
surrounding the blocks. The blocks were submerged under the water to allow them to 
solidify. Once the blocks solidified, they were ready for sectioning.  
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Figure 4.2:The melted paraffin being poured into the embedding mold. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3:The tissue was placed into the embedding mold. 
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Figure 4.4: A label inserted into the tissue block. 
 
4.1.2 Preparation of histological slides 
 Before the slides were used, all the slides were cleaned by soaking in 
methylated spirit 1%. They were then dried and wiped with a clean towel or tissue. This 
was done in the fume cupboard to prevent evaporation.  
4.1.2.1Tissue sectioning 
To allow the specimen to be examined, the tissue block was thinly sliced in a 
continuous ribbon of8-10 µm by using a rotary microtome. Producing good sections 
using the microtome took much skills and practices. Sectioning tissues is a real art and 
takes much skills and practices.Careful attention was also given during sectioning 
tissues to avoid accidental injury because the knife is extremely sharp.  
Prior to the sectioning process, the surplus paraffin was removed when the 
paraffin blockswere trimmed gently and step-wiseto its final form (shape of trapezium). 
The paraffin layer left surrounding the specimen was not too thick to reduce the risk of 
cracks formed during section cutting.Then, the trimmed block was attached to a holder 
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by melting the opposite side of block face (Figure 4.5) and pieces of paraffin on the 
holder.After that, the block was placed in its holderwhich was then fixed on the 
microtome. The tissue was cut into 8µm sections. The ribbons formed were then 
collected by using two small brushes to hold both ends of the ribbons. This was done 
very gently and carefully because the ribbons were prone to tear (Figure 4.6).The 
selected sections were subsequently separated from the ribbon by cutting the sections 
using scalpel and pulling them apart gently by using the paint brush. 
 
 
 
 
 
Figure 4.5:Brain containing paraffin blocks fixed on block holders. 
 
 
 
 
 
Figure 4.6:The tissue ribbons produced by sectioning. 
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4.1.2.2 Mounting of tissue sections 
 The selected sections were then mounted onto the slides for the next steps of 
tissue processing. The equipments required for this step werescalpel, dissecting needle, 
Mayer’s albumin and distilled water.A diamond tip pen would be used to mark theright 
end surface of the cleaned slides (Figure 4.7). A very tiny drop of Mayer’s albumin, 
which was a special adhesive made of combination of egg white and glycerin, was 
smeared with a clean finger on the surface of the glass slides with the 
markings.Droplets of distilled water were applied onto the glass slides covering the 
area that were smeared with Mayer’s albumin.The selected sections were then placed 
carefully on the glass slides using a scalpel and dissecting needle.The slides with the 
sections were placed on a slide warmer to stretch the sections. Stretching the paraffin 
embed cerebellar sections only required a moderately warm temperature of about 40 – 
45°C. Scalpel and dissecting needle were used to ensure that the sections were well 
stretched. This was done very carefully to avoid the sections from tearing. At this 
moment, the sections were expanding.After the sections were well expanded, the 
excessive distilled water was removed using tissue paper to prevent air bubbles from 
occurring underneath the sections.The slides were then dried overnight in an oven at 
constant temperature of 40 – 45 °C. 
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Figure 4.7:Equipments used for mounting sections onto the glass slides. 
 
4.1.2.3 Staining 
 Staining is a very important step in order to visualize the cellular architecture of 
the tissue sections under the microscope. Staining was done to give contrast and to 
differentiate the cellular components of the tissue. In this study, Haematoxylin and 
Eosin (H&E) (Figure 4.8), Nissl (Figure 4.9) and Thionin stainingswere used. H&E 
was used for its usefulness in displaying general structural features of the cerebellar 
tissue. Haematoxylin stained the nuclear substances of the cerebellar cells with blue 
color, whereas eosin stained the cytoplasm of the cells with red or pink color. Cresyl 
Violetwas the dye used in the Nissl stain, to visualize neuronal somas or cell bodies 
which contain Nissl substances (rough endoplasmic reticulum). The cell bodies were 
stained violet color.Thionin staining was used to show the fiber tract. Thus, this 
staining will give more information on the processes of the neurons and hodological 
connections in the cerebellum.  
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4.1.2.3.1Haematoxylin and Eosin (H&E) staining 
The staining protocol involved many steps during which the slides with the 
sections adhered were immersed in different solutions for specific duration.  
The slides were first immersed in xylol twice for 3 minutes or longer each to 
deparaffinize the tissue sections.For hydration, the slides were then immersed in 95% 
alcohol twice for 3 minutes or longer each. Next, the slides were put into 70% alcohol 
for 3 minutes or longer and subsequently, they were rinsed in distilled water for 3 
minutes or longer. For staining of the cells, the slides were initially put into 
Haematoxylin (Harris) solution for 15 seconds.Then, they were rinsed well in running 
tap water for 3 minutes.The slides were put into acid hydrochloric (HCl) 0.2% for 2 to 
3 seconds only and were rinsed in running tap water. After that, they were immersed in 
sodium carbonate (NaHCO3 0.2%) for 1 minute and were rinsed again in running tap 
water.The slides were examined under microscope to ensure they were not overstained 
and only nuclei in the tissue were stained.Next, they were rinsed in distilled water for 3 
minutes.Then, they were immersed in Eosin for 1 to 2 minutes to stain the cytoplasm of 
the cells. 
For dehydration, the slides were put in 95% alcohol twice for about 1 second or 
quickly rinsed each.Then, they were immersed in absolute alcohol 100% twice for 3 
minutes each. The last step was to clear the sections from dehydrant used. The slides 
were immersed in xylol twice for 3 minutes or longer each. Preparation of 
Haematoxylinsolution is shown in Appendix IV. 
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Figure 4.8: H&E staining set 
4.1.2.3.2Nissl staining (Cresyl Violet as dye) 
The staining protocol was done for specific duration and purposes. The slides 
were first immersed in xylol twice for 3 minutes or longer each to deparaffinize the 
tissue sections. For hydration, the slides were then immersed in 95% alcohol twice for 
3 minutes or longer each. Next, the slides were put into 70% alcohol for 3 minutes or 
longer and subsequently, they were rinsed in distilled water for 3 minutes or longer. 
For staining of the cells, the slides were initially immersed in freshly made 
Cresyl Violet for 20 minutes.Next, they were rinsed quickly in 70% alcohol.The slides 
were then examined under microscope to ensure they were not overstained.For 
dehydration, the slides were rinsed in Tertiary Butyl Alcohol (TBA) thrice for 3 
minutes each. The last step was to clear the sections from dehydrant used. The slides 
were immersed in xylol twice for 3 minutes or longer each. 
The Cresyl Violet solution was only used twice. Preparation of Cresyl Violet 
solution is shown in Appendix IV. 
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Figure 4.9:Nissl staining set. 
4.1.2.3.3Thionin (Ehrlich) 
Preparation of Thionin solution is shown in Appendix IV. The different steps 
were done for specific purposes. Initially, the cerebellum specimen tissues were fixed 
and stained simultaneously by immersing in the Thionin solution for five days. The 
tissues can be immersed in the solution for few days to three months but in this study, 
five days would be enough to obtain the optimum result.  
The cerebellum tissues were dehydrated in ascending grades of alcohol. The 
method was the same as in the dehydration and clearing part (see section 4.1.1.1 – 
4.1.1.3). Then, the tissues were embedded in paraffin wax. Subsequent to embedding, 
the tissue blocks were cut into 10 µm section and mounted onto the slides.After that, 
the slides were deparaffinized for 3 minutes each in four xylol solutions (Xylol I, II, III 
and IV).  
 
 
 
 
 
 
77 
 
4.1.2.4 Coverslipping 
 
The stained sections on the glass slide must finally be covered with a coverslip 
to protect the tissue from being scratched and to provide better optical quality for 
viewing under the microscope. An obvious reason for coverslipping would be to protect 
sections from environment so that it can be long-lasting. 
 The slides stained with H&E were mounted with Canada Balsam, while those 
stained with Cresyl Violet and Thionin were mounted with DPX mountant. The 
abbreviation DPX is from Distrene-80, a trade-name of the polymer, plasticizer, which 
could be a cresyl phosphate or dibutyl phthalate and Xylene. 
 Droplets of mounting medium were placed on cover-slip. The cover-slip was 
then turned over and lowered slowly unto the slide by starting at the edge of the slides 
(Figure 4.10). The mounting medium was allowed to spread smoothly to prevent the air 
bubbles to occur underneath the cover-slip. The cover-slip was pressed gently to 
remove any air bubbles formed. Finally, the slides were dried in the oven overnight at 
30
o
C.  
 
 
 
Figure 4.10: Coverslipping. 
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4.1.3 Observation and analysis of slides 
 The slides were observed by using a compound light microscope(Olympus 
BX51, Tokyo, Japan)under magnification power 4x, 10x, 20x and 40x respectively. 
The examinations of slides were done in order to study and determine histological 
features found in cerebellar tissue.Good sections to represent the results were chosen.  
The photomicrographs of observed slides were taken to be used as references 
and data of the results in this study. The photomicrographs captured were analyzed 
using Analyzer Life Science Software (Olympus, Munster, Germany) to merge all the 
sections to produce a whole clear image of the tissue.   
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4.2  RESULTS AND DISCUSSION 
Histological results revealed the internal architecture of the rostrally and caudally 
directed cerebellum studied. The cerebellar internal architecture for both types of 
orientations is similar in terms of the existence of the cellular composition layers but 
different in terms of its external and internal 3D-structure. The latter was seen from the 
analysis of the transverse and longitudinal sections. General observation showed two 
types of areas, densely stained area and non-densely stained area. The latter was seen 
making up mostly outermost cerebellar structure. 
4.2.1 Rostrally directed cerebellum 
Keli and baung represented the rostrally directed cerebellum. The internal 
architecture of cerebellum was shown by sections from representative parts. For 
longitudinal sections, three representative levels consisted of mid-sagittal(L2), lateralI 
(L1) and III (L3) sections which were from 25% width point of the total cerebellar width 
at both lateral sides. For transverse sections, the three representative levelsconsisted of 
distal part(T1) from 25% length point of the total cerebellar length from the most distal 
part;centre part (T2) at mid-length of the total cerebellar length and proximal part 
(T3)from 25% length point of the total cerebellar length from the most proximal part of 
rostro-caudal axis (Figure 4.11). 
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Figure 4.11:Schematic diagram showed where the representative sections were taken 
from. L1: lateral I; L2: mid-sagittal; L3: lateral III; T1: distal part; T2: mid-
length; T3: proximal part of rostro-caudal axis of cerebellum.   
 
4.2.1.1 Clarias sp. (Keli) 
Due to the rostrally directed protrusion like structure of the corpus cerebellum 
(Figure 4.12 – 4.14), the cortex could be seen making up the cerebellar dorsal and 
ventral surfaces. This differed from the common cerebellar structure which attaches 
itself, ventrally to the brainstem, thus having only its dorsal portion as the cortex. The 
unique pattern of densely stained clustered neuronal somas making up the innermost 
area and the non-densely stained area at the periphery were seen. The innermost looked 
like a ‘finger pointing rostrally with a dorsal slant’. The white matter was obviously 
seen at the attachment portion of the cerebellum at the hindbrain towards the inner area 
of corpus cerebellum. The valvula cerebellum (VCe) was located beneath the corpus 
cerebellum and above the optic lobe which could not be observed when examining the 
gross morphology, could now be seen.  
T1 
T2 
T3 
L1 L3 
L2 
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Figure 4.12:Longitudinal section (L1) of keli’s cerebellum. (40x). (a) H&E, (b) 
Nissl.CCe: Corpus cerebellum; FL: Facial lobe; IL: Inferior lobe; MO: 
Medulla oblongata; OpL: Optic lobe; Tel: Telencephalon; VCe: Valvula 
cerebellum. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral.  
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Figure 4.13:Mid-sagittal section (L2) of keli’s cerebellum.(40x). (a) H&E, (b) 
Nissl.CCe: Corpus cerebellum; FL: Facial lobe; IL: Inferior 
lobe; MO: Medulla oblongata; OpL: Optic lobe; Tel: 
Telencephalon;VCe: Valvula cerebellum. 
Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral.  
 
 
 
 
 
 
 
 
 
 
 
 
 
a) 
b) 
CCe 
Tel MO 
FL 
OpL 
VCe 
D 
P A 
V 
Tel 
MO 
FL 
OpL 
CCe 
VCe 
D 
P A 
V 
83 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.14:Longitudinal section (L3) of keli’s cerebellum,(40x). (a) H&E,  
(b) Nissl. CCe: Corpus cerebellum; FL: Facial lobe; IL: Inferior 
lobe; MO: Medulla oblongata; OpL: Optic lobe; Tel: 
Telencephalon; VCe: Valvula cerebellum. 
Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral.  
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At the distal (rostral) part (T1) of rostro-caudal axis of the cerebellum, the 
cerebellum was located above the telencephalon (Figure 4.15). However, at the mid-
length(T2) and proximal (caudal) (T3) parts, cerebellum was located above the optic 
lobe, inferior lobe and valvula cerebellum (Figure 4.16).  
Stainings by both H&E and Nissl staining shared similar features. For every 
representative level, two different regions visualized with the stainingswere densely 
stained area and non-densely stained area of clustered neuronal somas. The densely 
stained area making up the innermost area of cerebellumshowed unique pattern. A 
‘butterfly/bird-like’ with expanding wing pattern of innermost area was prominent in 
distal part (Figure 4.14). The small triangular shaped structures pointing dorsally and 
ventrally was seen making up the midline distally, but completely ceased to exist 
proximally.  
In the mid-length of rostro-caudal axis (Figure 4.16), the least stained area 
indicated the white matter of cerebellum was obviously seen in the core portion of the 
densely stained area. The valvula cerebellum had a totally different pattern. The 
densely stained area was observed at the left and right side and its size were decreasing 
towards the bottom part of valvula cerebellum. Apart from that, the densely stained 
area of valvula cerebellum was seen making up the circle-like pattern. The cortex could 
also be seen making up both cerebellar dorsal and ventral surfaces. In the proximal part 
of rostro-caudal axis (Figure 4.17), the cortex could be seen only making up the dorsal 
surface, while the ventral surface of corpus cerebellum could be seen merging with the 
valvula cerebellar cortex. Interestingly, at this level, the densely stained area extended 
to the both left and right side of corpus cerebellum.  
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Figure 4.15:Tranverse section (T1) of keli’scerebellum at distal (rostral) part of rostro-
caudal axis, (40x). (a) H&E,(b) Nissl.CCe: Corpus cerebellum; Tel: 
Telencephalon. 
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Figure 4.16:Tranverse section (T2) of keli’s cerebellum at mid-length of rostro-caudal 
axis,(40x). (a) H&E,(b) Nissl.CCe: Corpus cerebellum; IL: Inferior lobe; 
OpL: Optic lobe; VCe: Valvula cerebellum.  
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Figure 4.17:Tranverse section (T3) of keli’s cerebellum at proximal (caudal)part of 
rostro-caudal axis,(40x).(a) H&E,(b) Nissl. CCe: Corpus cerebellum; IL: 
Inferior lobe; OpL: Optic lobe; VCe: Valvula cerebellum.  
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4.2.1.2  Mystus nemurus (Baung) 
  
Same like keli’s, due to the protrusion like structure of the corpus cerebellum, 
the cortex could be seen making up the cerebellar dorsal and ventral surfaces (Figure 
4.18 – 4.20).General observation showed two types of areas; densely stained area of 
clustered neuronal somasand non-densely stained area. The latter was seen making up 
mostly outermost cerebellar structure. Also observed as in keli was a unique pattern of 
densely stained clustered neuronal somas making up the innermost area, but in baung it 
looked like a ‘finger pointing rostrally’. The densely stained areas at the attachment 
portion of the cerebellum to the hindbrain were seen thicker in L1 and L3 compared to 
mid-sagittal section (L2) of rostro-caudal axis. As for the white matter,it was obviously 
seen at the attachment portion of the cerebellum to the hindbrain, towards the inner area 
of corpus cerebellum in L2 and L3. Apart from that, the valvula cerebellum was located 
beneath the corpus cerebellum but above the optic lobe. Its gross morphology was 
hardly distinguished.   
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Figure 4.18:Longitudinal section (L1) of baung’s cerebellum, (40x). (a) H&E, 
(b) Nissl.CCe: Corpus cerebellum; IL: Inferior lobe; OpL: Optic 
lobe;Tel: Telencephalon. Orientation: A: Anterior; P: Posterior; D: 
Dorsal; V: Ventral. 
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Figure 4.19:Mid-sagittal section (L2) of baung’s cerebellum, (40x). (a) H&E,  
(b) Nissl.CCe: Corpus cerebellum; MO: Medulla oblongata; OpL: 
Optic lobe; Tel: Telencephalon; VCe: Valvula cerebellum.  
Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) 
b) 
CCe 
Tel 
MO 
VCe 
D 
P A 
V 
VCe 
MO 
Tel 
CCe 
D 
P A 
V 
91 
 
 
   
  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 4.20:Longitudinal section (L3) of baung’s cerebellum, (40x). (a) H&E, 
(b) Nissl.CCe: Corpus cerebellum; MO: Medulla oblongata; OpL: 
Optic lobe; Tel: Telencephalon; VCe: Valvula cerebellum. 
Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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For transverse section, inthe distal part of rostro-caudal axis (T1), the 
cerebellum was separately located above the rostral part of optic lobe (Figure 4.21). In 
the centre part (T2), the cerebellum was still separately located above the optic lobe and 
valvula cerebellum (Figure 4.22). While in the proximal part (T3), the cerebellum was 
observed to be merging with the eminentia granularis and the rest of the ventral 
rhombencephalic structure (Figure 4.23). 
For every representative level, two different regions were visualized with H&E 
and Nissl staining; densely stained area of clustered neuronal somas and non-densely 
stained area. In transverse sections,the densely stained area revealed more of the unique 
pattern making up the innermost area of cerebellum. A ‘butterfly/bird-like’ with 
expanding wing pattern was prominent in the distal and centre part of rostro-caudal axis 
of cerebellum (Figure 4.21 – 4.22). Small triangular shaped structures, each pointing 
dorsally and ventrally, were seen making up the midline surface of the innermost area 
in the cerebellar distal and centre parts.The dorsally pointing triangular shaped structure 
persisted at caudal level along the medial longitudinal gyrus, even after the ventrally 
pointing triangular structure was no longer observed.   
The valvula cerebellum had a totally different pattern compared to corpus 
cerebellum. Its densely stained area was observed at the left and right sides. However, 
valvula cerebellum could not be distinguished in proximal part of cerebellum (Figure 
4.23). In proximal part of the rostro-caudal axis of cerebellum, the cortex could only be 
seen making up the dorsal surface, while the ventral surface of corpus cerebellum 
merged with the valvula cerebellum cortex, together with eminentia granularis at both 
left and right sides. Interestingly, at this level, the densely stained area extended to both 
left and right sides of corpus cerebellum without non-densely stained area surrounding 
it. 
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Figure 4.21:Tranverse section (T1) of baung’s cerebellum at distal (rostral) part of 
rostro-caudal axis,(40x). (a) H&E, (b) Nissl.CCe: Corpus cerebellum; 
OpL: Optic lobe.  
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Figure 4.22:Tranverse section (T2) of baung’s cerebellum at mid-length of rostro-
caudal axis, (40x).(a) H&E,(b) Nissl.CCe: Corpus cerebellum; OpL: 
Optic lobe; VCe: Valvula cerebellum.  
 
 
 
 
 
 
 
 
 
 
 
a) 
b) 
CCe 
VCe 
OpL OpL 
VENTRAL 
DORSAL 
CCe 
VCe 
OpL 
OpL 
VENTRAL 
DORSAL 
95 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.23:Tranverse section (T3) of baung’s cerebellum at the proximal (caudal) part 
of rostro-caudal axis,(40x). (a) H&E, (b) Nissl.CCe: Corpus cerebellum; 
EG: Eminentia granularis. 
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4.2.2  Caudally directed cerebellum 
  
Jelawat and tilapia represented the caudally directed cerebellum. The internal 
architecture of cerebellum was shown by specific representative levels. For longitudinal 
sections, three representative levels consisted of mid-sagittal (L2), lateral I (L1) and III 
(L3) sections which were from 25% width point of the total cerebellar width at both 
lateral sides. For transverse sections, the three representative levels consisted of distal 
part (T1) from 25% length point of the total cerebellar length from the most distal part; 
centre part (T2) at mid-length of the total cerebellar length and proximal part (T3) from 
25% length point of the total cerebellar length from the most proximal part of rostro-
caudal axis (Figure 4.24). For caudally directed cerebellum, the most proximal part was 
actually more rostrally directed compared to the distal part of the cerebellum. Such case 
is opposite to the situation involving rostrally directed cerebellum.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.24:Schematic diagram showed where the representative sections were taken 
from. L1: lateral I; L2: mid-sagittal; L3: lateral III; T1: distal part; T2: mid-
length; T3: proximal part of rostro-caudal axis of cerebellum.   
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4.2.2.1 Leptobarbus hoeveni (Jelawat) 
 
Similar general observation of two types of areas,namely densely stained area of 
clustered neuronal somasand non-densely stained area were visualized by H&E and 
Nissl stainings. The latter was seen making up mostly the outermost cerebellar 
structure.  
The densely stained areas at the attachment portion of the cerebellum to the 
hindbrain were seen to be thinner in mid-sagittal section (L2) (Figure 4.26) compared to 
the lateral I (L1) and lateral III (L3) parts of rostro-caudal axis (Figure 4.25 and 4.27). 
The white matter was easily seen at the attachment portion of the cerebellum to the 
hindbrain towards the inner area of corpus cerebellum within all the representative 
levels. The valvula cerebellum was seen to be closely located beneath the optic lobe 
rather than beneath the corpus cerebellum, itself, as seen in the rostrally directed 
cerebellum. Its gross morphology was still hardly distinguished due to its hidden 
location.For every representative level, the eminentia granularis that was densely 
stained was observed on the cerebellar ventral surface.  
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Figure 4.25:Longitudinal section (L1) of jelawat’s cerebellum, (40x). (a) H&E, 
(b) Nissl.CCe: Corpus cerebellum; EG: Eminentia granularis;IL: Inferior 
lobe; MO: Medulla oblongata; OpL: Optic lobe; Tel: Telencephalon; 
VCe: Valvula cerebellum. Orientation: A: Anterior; P: Posterior; D: 
Dorsal; V: Ventral. 
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Figure 4.26: Mid-sagittal (L2) section of jelawat’s cerebellum, (40x).  
(a) H&E, (b) Nissl.CCe: Corpus cerebellum; EG: Eminentia 
granularis;IL: Inferior lobe; MO: Medulla oblongata; OpL: Optic 
lobe; Tel: Telencephalon; VCe: Valvula cerebellum. Orientation:  
A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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Figure 4.27:Longitudinal section (L3) of jelawat’s cerebellum, (40x).  
(a) H&E, (b) Nissl.CCe: Corpus cerebellum; EG: Eminentia 
granularis;IL: Inferior lobe; MO: Medulla oblongata; OpL: 
Optic lobe; Tel: Telencephalon; VCe: Valvula cerebellum. 
Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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For every representative level of transverse sections of cerebellum, two 
different regions visualized with H&E and Nissl stainings were observedto be densely 
stained area of clustered neuronal somas and non-densely stained area. In the middle 
portion of the innermost area that was densely stained with H&E and Nissl stainings, 
dorsally pointed triangular shaped structures were also observed at each representative 
level (Figure 4.28 – 4.30). Apart from that, the ‘butterfly/bird-like’ with expanding 
wing pattern was also observed at the innermost area in those levels.  
In the distal part (T1), the corpus cerebellum was observed to be located dorsally 
above the 3
rd
 ventricle and in between laterally locatedoptic lobes(Figure 4.28).  In the 
centre part (T2), corpus cerebellum was located above the eminentia granularis and 3
rd
 
ventricle (Figure 4.29). In the proximal part (T3), corpus cerebellum was located above 
the eminentia granularis, 3
rd
 ventricle and brainstem. The eminentia granularis was 
densely stained and looked like one small portion beneath the cerebellar ventral 
surface. It appeared to form a horizontal base of the corpus cerebellum.  
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Figure 4.28:Transverse section (T1) of jelawat’s cerebellumat distal (caudal) part 
of rostro-caudal axis,(40x).(a)H&E, (b) Nissl.CCe: Corpus 
cerebellum; OpL: Optic lobe; V3: 3
rd
ventricle. 
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Figure 4.29:Transverse section (T2) of jelawat’s cerebellumat mid-length of rostro-
caudal axis, (40x).(a) H&E, (b) Nissl.CCe: Corpus cerebellum; EG: 
Eminentia granularis;V3: 3
rd
ventricle. 
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Figure 4.30:Transverse section (T3) of jelawat’s cerebellumat proximal 
(rostral) part rostro-caudal axis,(40x).(a) H&E, (b) Nissl.BS: 
Brainstem; CCe: Corpus cerebellum; EG: Eminentia 
granularis;V3: 3
rd
ventricle; VCe: Valvula cerebellum. 
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4.2.2.2 Oreochromis sp. (Tilapia) 
 
The general observationshowed two types of areasthat were demonstratedby 
H&E and Nissl stainings before in the cerebellum of other fishes; densely stained of the 
center area of clustered neuronal somas and non-densely stained area.   
 Similarly the longitudinal cerebellar sections also showed its unique pattern of 
densely stained clustered neuronal somas making up the innermost area. The ‘S-shape’ 
pattern was seen in sections from lateral I (L1) and III (L3) parts (Figure 4.31 and 4.33), 
while ‘inverted L’ pattern was seen in the mid-sagittal section (L2) of the cerebellum 
(Figure 4.32). In L2, the peripheral area was seen making up almost the entire corpus 
cerebellum compared to the other part of the cerebellum. 
 For every representative level, the most rostral portion of innermost area was 
connected to the dorsal part of the brainstem. As in jelawat, the valvula cerebellumof 
tilapiawas also located beneath the optic lobe. Thus, its gross morphology was not 
easily seen except in histological sections.  
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Figure 4.31:Longitudinal section (L1) of tilapia’s cerebellum, (40x).(a) H&E,  
(b) Nissl.CCe: Corpus cerebellum; IL: Inferior lobe; MO: Medulla 
oblongata; OpL: Optic lobe; Tel: Telencephalon; VCe: Valvula 
cerebellum. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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Figure 4.32:Mid-sagittal (L2) section of tilapia’s cerebellum,(40x). (a) H&E, 
(b) Nissl.CCe: Corpus cerebellum; IL: Inferior lobe; MO: Medulla 
oblongata; OpL: Optic lobe; Tel: Telencephalon; VCe: Valvula 
cerebellum. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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Figure 4.33:Longitudinal section (L3) of tilapia’s cerebellum,(40x). (a) H&E, 
(b) Nissl.CCe: Corpus cerebellum; IL: Inferior lobe; MO: Medulla 
oblongata; OpL: Optic lobe; Tel: Telencephalon; VCe: Valvula 
cerebellum. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
 
 
 
 
 
 
 
 
CCe 
OpL 
Tel 
IL 
MO 
a) 
b) 
CCe OpL Tel 
IL 
MO 
VCe 
VCe 
D 
P A 
V 
D 
P A 
V 
109 
 
The transverse sections from representative level implemented the results 
visualized through longitudinal sections. Two different regions stained by H&E and 
Nissl stainings were observed; the densely stained area of clustered neuronal somas and 
non-densely stained area at the periphery. The densely stained area showed unique 
pattern, making up the innermost area. A ‘dome-like’ pattern of the innermost area was 
seen in the proximal (T1) and centre (T2) parts of rostro-caudal axis of the cerebellum 
(Figure 4.35 and 4.36). It was slightly smaller than the size of the cerebellum itself, 
pointing dorsally with a flat bottom. However, the pattern or densely stained innermost 
area was totally different in the distal part; an oval shape (Figure 4.34).  
In the proximal part (T1) of the rostro-caudal axis of cerebellum, the corpus 
cerebellum was located in between the eminentia granularis and above the 4
th
 ventricle 
and inferior lobe. In the centre part (T2), the corpus cerebellum was located above the 
eminentia granularis, 4
th
 ventricle and brainstem. The eminentia granularis was no 
longer observed when it comes to the distal part (T3), where the corpus cerebellum was 
located only above the 4
th
 ventricle and brainstem.  
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Figure 4.34:Transverse section (T1) of tilapia’s cerebellum at distal (caudal) part of 
rostro-caudal axis, (40x). (a) H&E, (b) Nissl.CCe: Corpus cerebellum; 
EG: Eminentia granularis; IL: Inferior lobe; V4: 4
th
ventricle. 
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Figure 4.35:Transverse section (T2) of tilapia’s cerebellum at mid-length of rostro-
caudal axis,(40x). (a) H&E, (b) Nissl.BS: Brainstem; CCe: Corpus 
cerebellum; EG: Eminentia granularis; V4: 4
th
ventricle. 
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Figure 4.36:Transverse section (T3) of tilapia’s cerebellum at proximal (rostral) part of 
rostro-caudal axis,(40x).(a) H&E, (b) Nissl. BS: Brainstem; CCe: 
Corpus cerebellum; EG: Eminentia granularis; V4: 4
th
ventricle. 
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4.2.3 Comparative interior architecture of the cerebellum 
 
All four fishes exhibited different specific interior architecture of the 
cerebellum, either withinthe same orientation of cerebellum or not. Moreover, every 
representative level of cerebellum within the fish,itself, exhibited either slight or major 
differences.  
 
4.2.3.1 Rostrally directed cerebellum 
 
 Although the orientation of cerebellum is the same, the internal architecture of 
each has its own unique features. Figure 4.37 showed the schematic diagrams of 
internal architecture of rostrally directed cerebellum of keli and baung. The densely 
stained area of both fishes on each representative level of longitudinal sections 
portrayed the similar ‘finger pointing rostrally with a dorsal slant’ shape. 
In lateral I (L1) part, baung’s densely stained area of cerebellar tissue was 
observed to be thicker at attachment portion of the hindbrain and getting thinner 
towards the anterior portion. In contrast, the shape of keli’s densely stained area of 
cerebellar tissue was almost the same all the way from anterior towards posterior 
portion. For mid-sagittal section (L2), the shape of densely stained area of baung’s 
cerebellar tissue slightly differed from keli’s; there was a prominent bulky portion at 
the most proximal part of the cerebellum. Other than that, in lateral III (L3) part, the 
densely stained area of keli’s cerebellar tissue was different from baung’s. In baung’s, 
the densely stained area was more at the attachment portion near the hindbrain and 
getting narrower towards the mid-length of cerebellum and the bulky portion was 
slightly observed at the most distal part. In contrast, a small ‘antler-like’ shape of 
densely stained area was observed near the distal part of keli’s cerebellum. 
For the transverse sections of the distal part of rostro-caudal axis of both keli’s 
and baung’s cerebellar tissue, the densely stained area showed slightly similar pattern; 
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‘butterfly/bird-like’ with expanding wing pattern. Both cerebellar tissues had a small 
triangular shaped structure pointing dorsally and ventrally. The only difference that can 
be observed was the ‘butterfly/bird-like’ pattern of densely stained area in keli’s 
cerebellar tissue appearing wider than baung’s and narrowing towards both lateral sides 
of cerebellum. The mid-dorsal portion of baung’s cerebellar cortex was observed to be 
a bit bumpy due to the existence of gyrus along the mid-line of cerebellum (See 
Chapter 3, page 45, figure 3.17).  
In the mid-length of cerebellum part (T2), the ‘butterfly/bird-like’ with 
expanding wing pattern of the densely stained area together with the triangular shaped 
structure still existed in baung’s cerebellar tissue but not in keli’s. In keli’s cerebellar 
tissue, the triangular shaped structurewhich pointed dorsally was no longer existed and 
instead an indent inwards to the core portion of densely stained area was seen, while the 
‘wing’ shaped still persisted.In contrast, the densely stained area of baung’s cerebellar 
tissue was narrowing towards both lateral sides of cerebellum. 
In the proximal part of rostro-caudal axis of cerebellum (T3), the densely stained 
area of keli’s cerebellar tissue was seen merging with both lateral sides of cerebellum, 
and the mid-dorsal area was pointing inward dorsally while the ventral part was 
merging with the other structures of the brain. In baung’s, the triangular shaped 
structure could still be observed pointing dorsally but the ventral portion was seen 
merging with eminentia granularis and the other structures of the brain as well.  
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Figure 4.37:The internal architecture of longitudinal (L1: lateral I; L2: mid-sagittal; L3: lateral III) and transverse (T1: distal; T2: mid-length; T3: 
proximal) sections of cerebellum of (a) keli and (b) baung.The shaded area indicates the densely stained area.  
 Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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4.2.3.2  Caudally directed cerebellum 
 
Figure 4.38 showed the schematic diagrams of the internal architecture of 
caudally directed cerebellum of jelawat and tilapia. The densely stained area of 
longitudinal sections of both fishes portrayed the ‘hook’ like shape but with specific 
pattern for each representative level. 
For longitudinal section at lateral I (L1) part, the shape of densely stained area 
of cerebellar tissues for both fishes differed from each other;a wider area at the 
cerebellar attachment portion with oval distal end was observed on jelawat’s cerebellar 
tissue, whereas tilapia’s cerebellar tissue showed the elongated  shape with roundish 
distal end. 
For mid-sagittal section (L2),the densely stained area of jelawat’s cerebellar 
tissue at the attachment portion were narrowing towards the hindbrain, but wider 
towards the inner portion of the cerebellum and narrowing again towards the distal part. 
In contrast, the densely stained area of tilapia’s cerebellar tissue looked like an 
‘inverted-L’. The peripheral area was more than its surrounding until the latter 
completely ceased at the most distal part of the cerebellum.  
For lateral III (L3) part, the densely stained area of jelawat’s cerebellar tissue 
showed a unique pattern; broader at the cerebellar attachment portion and getting 
narrower towards the distal part with a bulky portiondorsally at the centre part of 
cerebellum. In contrast, the densely stained area of tilapia’s cerebellum showed the ‘S-
like’ shape, which was totally different from jelawat’s.  
For transverse section of the distal part (T1) of cerebellar rostro-caudal axis, the 
densely stained area of jelawat’s cerebellar tissue portrayeda ‘butterfly/bird-like’ with 
expanding wing pattern, with a small triangular shaped structure pointing dorsally and 
an indentation ventrally. While in the tilapia’s cerebellar tissue, the densely stained 
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area portrayed an ‘oval-like’ pattern, with a small triangular structure pointing dorsally 
and ventrally.  
For the center part (T2) at the mid-length of cerebellum, the densely stained area 
of jelawat’s cerebellar tissue also portrayed the ‘butterfly/bird-like’ pattern, but the 
triangular shaped structure only pointing dorsally while the ventral portion was no 
longer observed and might be merging with eminentia granularis and the other 
structures of the brain. On the contrary, the densely stained area of tilapia’s cerebellar 
tissue portrayed a ‘dome-like’ pattern and did not merge with other structures of the 
brain. 
For the proximal part (T3), the ‘butterfly/bird-like’ pattern of the densely stained 
area of jelawat’s cerebellar tissue was still observed, but the triangular shaped structure 
only pointed dorsally while the ventral portion was no longer observed and might be 
integrating with other structures of the brain. However, an ‘oval-like’ pattern was 
displayed in tilapia’s and might also be integrating with other structures of the brain.  
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Figure 4.38: The internal architecture of longitudinal (L1: lateral I; L2: mid-sagittal; L3: lateral III) and transverse (T1: distal; T2: mid-length; T3: 
proximal) sections of cerebellum of (a) jelawat and (b) tilapia. The shaded area indicates the densely stained area.  
Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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4.2.4 Cell types of the cerebellar cortex 
The density of neuronal cells found in the molecular layer was lower compared 
to those in the granular cells, while the neuronal cells in the Purkinje layer were like a 
border between the molecular and granular layer. Generally, the cerebellar cortex 
constitutes of the same type of cells namely granule, Purkinje, basket and stellate cell 
for all vertebrates except Golgi cell which is only can be found in higher vertebrate; 
(Ottoson, 1983). 
The arrangement of neurons and axons in the layers of the cerebellar cortex 
seem to have one purpose, which is the control of Purkinje neurons that comprises the 
only cortical output of the cerebellum. This arrangement has been suggested to control 
the fine movements and the regulation of time in the execution of movements (Manzoet 
al., 2007). 
 
 
4.2.4.1 Molecular layer: basket and stellate cells 
 
 
Basket and stellate cells (Figure 4.39) are small andlocated in the most external 
layer of the cerebellar cortex; the molecular layer. But these two types of interneurons 
could not be differentiated in this study. Only a few basket cells were observed in 
fishes, but more numerous numbershave been reported in reptiles, birds, and mammals 
(Sarnat and Netsky, 1981).The function of basket or stellate cells is to inhibit Purkinje 
cells (Pansky and Allen, 1980). The basket cells with their processes were reported to 
be located at the depth of molecular layer. The name of this neuron was given due to its 
appearance like a ‘basket’, where the branches of axon were wrapping the cell bodies 
of the Purkinje cells. However, the mammalian stellate cells stained by H&E were 
observed at the superficial molecular layer and were found to be star shaped (Ottoson, 
1983; Pal, 2003).  
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Figure 4.39:The arrows show basket or stellate cells of molecular layer, 
(400x);(i) H&E and (ii) Nissl.  
(a) keli; (b) baung; (c) jelawat; (d) tilapia. 
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4.2.4.2 Purkinje layer: Purkinje cells 
Purkinje cells are the primary output neurons of the cerebellar cortex. The 
dendrites of Purkinje cell are composed of hundreds of spiny branches going up into 
the molecular layer (Eccles et al., 1967). Many different pattern of Purkinje cells were 
observed in different vertebrates, as shown in Figure 4.40. 
Loosely arranged Purkinje neuronal cells (Figure 4.41) were observed large 
neurons in the Purkinje layer, mostly in a single row at the border of the granular and 
the molecular layers. Since some Purkinje cells could be found among granular cells, 
the layer of Purkinje cells might be thicker than one cell in some places. These neurons 
were also unevenly distributed throughout the cerebellar cortex. The Purkinje cells in 
tilapia’s cerebellar tissue looked bigger than that of the other three fishes.  
 
 
 
 
 
Figure4.40:Various kinds of Purkinje cells pattern in different vertebrates 
(Eccles, 1967). 
 
In some cases, the cell bodies of Purkinje cells do not form a distinct layer but 
are embedded in the molecular layer, itself,as found in the cerebellum of lampreys and 
the caudal cerebellar lobe of some fishes (Bell, 2002). This was also detected in all four 
fishes in this study, the cell bodies of Purkinje cells were seen scattered in the 
molecular layer at certain portion. 
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Neurons similar to but larger than the Purkinje cell were reported to exist and 
also occupy the Purkinje cell layer in the cortex of one lobe of the gigantocerebellum of 
mormyrid fishes (Sarnat and Netsky, 1981). However, such neurons were not seen in 
the current study.  
In the study of fowl cerebellum, mostly the Purkinje cells were found to be 
round or oval in shape and contained clear nucleus. However, the flasks form cells with 
a round body and small narrow neck were found in certain regions (Pal et al., 2003).  
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Figure 4.41:The arrows show Purkinje cells of Purkinje layer (400x); (i) H&E and 
(ii) Nissl. (a) keli; (b) baung; (c) jelawat; (d) tilapia. GL: Granular layer. 
Orientation: D: Dorsal; V: Ventral. 
 
However, the distribution pattern of Purkinje cell of fish cerebellum is not only 
different from mammal, but also differs among fishes itself. For higher vertebrate 
especially mammalian, the Purkinje cells were properly aligned along the border 
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between granular and molecular layer. There were no overlapping occurrences 
reported.  
 
 
 
 
  
Figure 4.42: Purkinje cell in mammalian cerebellar tissue (Adapted from 
http://www.visualsunlimited.com/image/I0000lmr8IPxmEMg). 
 
Figure 4.42 show the alignment of Purkinje cell in mammalian cerebellar tissue. 
As shown in Figure 4.41, Purkinje cells in fish cerebellar tissue were not arranged in 
single layer, but the cells were scattered and each row of the cells overlapped between 
each other.  
Interestingly, the Purkinje layer in fish cerebellum was claimed to occupy 
another type of large efferent neurons called eurydendroid cellsin certain 
studies.According to Hans et al. (2006) and Ikenaga et al. (2006), this kind of cell was 
initially termed as ‘Assoziation Zelle’ as proposed by Franz, (1911) and later being 
called ‘eurydendroid cells’. Ikenaga et al. (2006) reported that this class of neurons has 
been identified by Nieuwenhuys et al. (1974) and is assumed to be the teleost cerebellar 
efferent neurons that convey their axons to other brain regions. Similarly, Bone and 
Moore (2008) mentioned that in electrolocating teleosts, the huge eurydendroid cells 
served as the sole excitatory output, as the Purkinje axons end on these cells instead of 
leaving the cerebellum. Such a finding is in agreement withGlicksteinand Jan (1998) 
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and Bae et al. (2009) who reported that eurydendroid cells are the target cells of the 
Purkinje cell axons. In addition, the eurydendroid neurons that existed in Purkinje layer 
served as efferent neurons of lobe C1 of the four lobes of mormyrid fish cerebellum 
(Meek et al., 1986). All of these findingsare in contrast with an earlier report by Kandel 
et al.(2000) that reported Purkinje cells as the major output neurons in higher vertebrate 
cerebellum.   
These cerebellar efferents or eurydendroid neurons are classified into three 
types based on the morphology of the dendrites, namely fusiform, polygonal and 
monopolar type neurons. Like Purkinje cells, the dendrites of eurydendroid cells reach 
into the molecular layer and spread into many processes (Ikenagaet al., 2006).Hans et 
al. (2006) also reported that the parallel fibers were observed to contact both Purkinje 
and eurydendroid cells.  
There was a certain area where the distribution of the Purkinje cells seems to be 
overlapping with the region containing the eurydendroid cells (Ikenagaet al., 2006). 
Finger (1978), Nieuwenhuys et al. (1974), Pouwels (1978) and Murakami et al. (1987), 
quoted by Ikenagaet al. (2006), as saying that most eurydendroid cells were distributed 
in the ganglionic layer or most superficial part of the granule cell layer, which is also 
known as Purkinje layer. The Purkinje cell layer in teleost cerebellum is referred as the 
ganglionic layer because it comprised of not only Purkinje cells but also the 
eurydendroid cells which are the efferent neurons.  
The correlation between the eurydendroid cells and Purkinje cells is similar to 
the relationship between the cerebellar nuclei and Purkinje cells in mammals’ 
cerebellum. According to Wullimann and Rooney (1990), quoted by Ikenagaet al. 
(2006), the eurydendroid cells of the valvula cerebelli project directly to the 
telencephalon in mormyrid fish. Vonderschen et al. (2002) showed that eurydendroid 
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cells also found within lateral lobe of the valvula cerebelli in the goldfish (Ikenagaet al., 
2006). 
However, the existence of eurydendroid cells among the Purkinje cells on all 
four fishes in this current study could not be ascertained. This is due to the different 
technique and staining is required to distinguish between those two types or efferent 
neurons.  
4.2.4.2.1Purkinje cell counts 
Even then, to standardize the counts, the number of Purkinje cells recorded was 
within 1000µm rostro-caudal axis along the Purkinje layer mid-sagittal section. 
Therewere a variety of Purkinje cell’s density and pattern of distribution throughout all 
the four fishes.  
Table 4.1:The number of Purkinje cells within 1000µm of Purkinje layer inmid-sagittal 
cerebellar section for each fishes. 
 
Representative 
Level  
Cerebellum 
Keli Baung Jelawat  Tilapia 
Mid-sagittal  Mean 43.4 93 57.6 17.4 
  SD 11.4 26.4 8.8 8.4 
Figure 4.43: Number of Purkinje cell in mid-sagittal section of cerebellum. 
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From Table 4.1 and Figure 4.43, the results show that the number of Purkinje 
cells in cerebellarmid-sagittal section ofbaung was the highest among all, with 93±26.4. 
However, tilapia had the lowest number of Purkinje cell with 17.4±8.4 only.  
 No reports were found regarding the significant of the differences of Purkinje 
cells numberwithin different species. Nevertheless, baung that had the highest number 
of Purkinje cells displayed forked caudal fin, which is believed to be a fast swimmer. 
The same goes to jelawat, which had the second highest number of Purkinje cells. 
These two fish species also possessed the same swimming mode, namely 
subcarangiform.It could be speculated that the number of Purkinje cells are probably 
related to the swimming speed since Purkinje cell is the primary integrative neuron in 
cerebellar cortex and plays the most important role for the cerebellar output, in order to 
execute movements. However, this matter could not be ascertained in this study and 
need to befurther studied from neurophysiological and neuroanatomical aspects. 
 
4.2.4.3  Granular layer: Granule cells 
 
Granule cells (Figure 4.44) observed was small and located in the granular 
layer. They were the most numerous elements in the cerebellar cortex. They could be 
seen clearly by using H&E or Cresyl Violet stainings. Generally, the granule cells look 
similar for all four fishes. They make up the innermost area that was densely stained 
with H&E and Nissl stainings. In higher vertebrates, the Golgi cells are reported to be 
present in granular layer (Sarnat and Netsky, 1981). Golgi cell is another type of 
interneuron and looks like Purkinje cells, but with short axons and the dendrites are 
pointing towards all directions (Ottoson, 1983). Theseneurons make inhibitory contacts 
with granule cells and the main synaptic input reaches them is originating from the 
parallel fibers (Saab and Willis, 2003;Ottoson, 1983).  
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Figure 4.44:  Granule cells of granular layer (400x); (i) H&E and (ii) Nissl. (a) keli;  
(b) baung; (c) jelawat; (d) tilapia.  
 
a) i) ii) 
b) i) ii) 
c) i) ii) 
d) i) ii) 
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 Supposedly, the granular layer of fish cerebellum likely contains granule cells, 
but in tilapia’s cerebellar tissuesome peculiar cells were foundwithin this layer (Figure 
4.45). The significance of the location of these cells in granular layer is 
unknown.Moreover, there is uncertainty to determine the type of these cells, since they 
are absent in cerebellar tissue of other three fishes. Nevertheless, these peculiar cells 
could be expected aseither Purkinje, Golgi or eurydendroid cells.  
 If they are Purkinje cells, probably the movement of Purkinje cellsin tilapia’s 
cerebellum during neurogenesis from the area next to the ventricle is not as extensive as 
what occurs in the other three fishes.In addition, this might clarify the reason of the 
lack of number of Purkinje cells in tilapia’s cerebellar tissue (Figure 4.43).  
 Initially, these peculiar cells were not assumed as Golgi cells although it has 
been reported that Golgi cells resemble Purkinje cells and located in the granular layer 
for higher vertebrates. This is because Golgi cells could only be found in higher 
vertebrates and absent in fish (Sarnat and Netsky, 1981). However, this is contrary to 
the recent study of teleost fish cerebellum by Castejón (1998), who reported that the 
Golgi cells are dispersed in granular layer and surrounded by granule cells.  
Apart from that, Ikenaga et al. (2005) mentioned that based on the studies on 
retrograde labeling, there were some efferent neurons which existed in the granular 
layer. These granular layer efferent neurons exhibit the same morphology as the 
eurydendroid cells in the ganglionic layer, as seen in this current study of tilapia’s 
cerebellar tissue. In addition, these eurydendroid cells might have different functions 
from those distributed in the ganglionic layer. 
Thus, in accordance to all the findings, it could not be determined whether the 
peculiar cells found are Purkinje, Golgi or eurydendroid cells. 
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Figure 4.45:The peculiar cells (arrows and circles) in tilapia’s cerebellar tissue. 
(H&E,400x). 
 
Granular cells are normally found in the innermost layer of the cerebellar cortex 
of vertebrates. Results of the current study agree with this contention. However, there 
are certain cases where the granular cells could be extended to the surface in some 
areas of the cerebellum of adult fishes. This is associated with the main absence of the 
molecular layer in those areas. Nonetheless, such cases did not occur in this study. 
Apart from that, in another case, the architectonic of valvula cerebellum layers may be 
opposite in comparison with corpus cerebellum, where the granular layer being the 
superficial layer (Sarnat and Netsky, 1981). This occurrence is corroborated by the 
findings in this study, which the outermost layer of valvula cerebellum was granular 
layer instead of molecular layer. 
 
4.2.5 Architectonic structure of cerebellar cortex 
 
As in other vertebrates, the fish cerebellum is a symmetrical structure 
morphologically and histologically. Histological sections demonstrated a remarkable 
stereotypical neuronal organization in the fish cerebellar cortex. Three layers of the 
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cerebellar cortex observed from the surface were molecular, Purkinje and granular 
layers (Figure 4.46 - 4.49). Molecular layer is the outermost layer and functions as the 
synaptic integrative layer of the cerebellar cortex(Pansky and Allen, 1980). The density 
of nerve cells in this layer was rather low as observed in both the longitudinal and the 
transverse sections. The cell bodies of only two types of neurons could be localized in 
the molecular layer: the basket and the outer stellate cells. Purkinje layer was the 
middle layer and contained only Purkinje cells. As for the granular layer, it is the 
innermost layer of cerebellar cortex, which was intensely stained by both H&E and 
Nissl stainings and clustered tiny granule cells made up this area.  
It had been reported that for mammalians, although the input and output, and 
the functional roles of different regions of the cerebellum are vastly different, the neural 
circuit in the cerebellar cortex is rather uniform (Kawato and Gomi, 1992). However, 
this study demonstrated that the distribution pattern of Purkinje cell in all four fishes 
was not similar and the inner area of granular cells showed unique 3D pattern.  
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Figure 4.46:Cerebellar organization layers of rostrally directed cerebellar cortex 
(H&E, 200x). (a) & (b) Transverse section of cerebellum to represent 
layering pattern (ai) keli and (bi)baung.  
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Figure 4.47:Cerebellar organization layers of rostrally directed cerebellar cortex  
(Nissl, 200x). (a) & (b) Transverse section of cerebellum to represent 
layering pattern (ai) keli and(bi)baung.  
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Figure 4.48:Cerebellar organization layers of caudally directed cerebellar cortex  
(H&E, 200x). (a) & (b) Transverse section of cerebellum to represent 
layering pattern (ai) jelawat and(bi)tilapia.  
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Figure 4.49: Cerebellar organization layers of caudally directed cerebellar cortex  
(Nissl, 200x). (a) & (b) Transverse section of cerebellum to represent  
layering pattern (ai) jelawat and(bi)tilapia. 
 
The schematic diagram of cerebellar circuitry and cerebellar cortex of as shown 
in Figure 4.50 and 4.51 displayed that Purkinje cell is the largest cell in human 
cerebellum. Similarly, it is also the biggest neuron in the fish cerebellum. It has been 
established that Purkinje cell has unique dendritic arborization as well as specific 
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synaptic relations. The highly branched dendritic tree of each cell arises towards the 
molecular layer and form synapses with the parallel fibres. The axon of Purkinje cell 
projects out and passes through the granular layer and white matter to either deep 
cerebellar nuclei or vestibular nuclei (Ottoson, 1983). The deep cerebellar nuclei in 
higher vertebrate are found within the white medullary core of the cerebellum and 
compose of dentate, emboliform, globose and fastagial nuclei. Each group of nuclei is 
located in specific region (Pansky and Allen, 1980). Nevertheless, the deep cerebellar 
nuclei is absent in fishes and urodelan amphibians (Sarnat and Netsky, 1981;Hans et 
al., 2006; Bae et al., 2009). The reticular neurons would serve as cerebellar nuclei by 
receiving the axons of Purkinje cells. They are probably the primordial homologs of 
these nuclei (Sarnat and Netsky, 1981).Apart from that, the eurydendroid cell isalso 
reported to function similarly asmammalian deep cerebellar nuclei, in which the former 
is found absent in mammalian cerebellum (Bae et al., 2009).  
As for the parallel fibers that form synapses with the dendrites of the Purkinje 
cell, they are axons of the granule cells. The axons of granule cells extend towards 
molecular layer and bifurcate into ‘T-shape manner’. These fibers are arranged parallel 
to each other and perpendicular to dendritic tree of Purkinje cells. In contrast, the 
dendrites of granule cells make synaptic contacts with mossy fibers which are the 
afferent fiber input to the cerebellum. Golgi cells are another type of interneuron 
thatresembles the Purkinje cells, but their dendrites extend in all directions and the 
axons make contact with the dendrites of granule cells.  They are located in the upper 
granular cell layer and only receive the synaptic input from the parallel fibers.   
The basket cells are also another type of interneuron and they are situated in the 
lower part of molecular layer. Similar to the Purkinje dendrites, their dendrites also 
intersect with parallel fibers but their axons make contact with Purkinje cells. Thus the 
Purkinje cells received input from both granule cells and basket cells. The other 
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interneuron is stellate cell, which is quite similar with basket cell functioning as 
inhibitory neurons (Ottoson, 1983).  
 
Figure 4.50:Schematic diagram of human cerebellar circuitry (Hain and Cherchi, 
2009). 
 
 
 
 
 
 
 
Figure 4.51:Schematic diagram of the cerebellar cortex of human in sagittal and 
transverse sections (Fletcher, 2011). 
 
Stellate cell 
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4.2.6 Fibers of cerebellum 
 
 A fiber staining would give more information on the axonal processes of the 
cerebellar neurons and hodological connections involved. This staining could 
possiblygive information on source and target areas of the neuronal cerebellum. The 
stained fiber shown was easily observed in longitudinal section of the cerebellar tissue. 
In this study, thionin staining was used as themethod to visualize the fibers. The 
staining demonstrated fiber tracts in red color while cell bodies were stained with 
blue.The staining stained the myelinated fibers. Thus, only the myelinated fibers were 
stained with red color. However, since myelinated axon also exist as proximal part near 
the somas, thionin stained tissue did not show clear delineation as H&E and Nissl 
stained tissue which revealed somas. The appearance of red-stained fibers was different 
between all four fishes. The location of fibers in cerebellar white matter of mid-sagittal 
section that was stained with Nissl staining is shown in Figure 4.52, in order to ease the 
comparison between the fiber and non-fiber staining.   
 
 
 
 
 
 
 
 
Figure 4.52: The white matter of keli’s cerebellum is outlined. (Nissl, 40x).  
CCe: Corpus cerebellum.  Orientation: A: Anterior; P: Posterior;  
D: Dorsal; V: Ventral. 
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 For every representative level of all four fishes studied, the fibers were observed 
in the white matter, existing within the core portion of the innermost area (Figure 4.53 
– 4.56). In keli’s and baung’s cerebellar tissue (Figure 4.53 and 4.54), a bundle of fibers 
were prominent at the cerebellar attachment to the hindbrain. These fibers could be 
mossy and climbing fibers originating from other parts of the brainas had been reported 
in higher vertebrate(Voogd and Glickstein, 1998). However, in jelawat’s caudally 
directed cerebellar tissue (Figure 4.55), the fibers were not obviously stained at mid-
sagittal section (L2), as seen in the lateral I (L1) and III (L3) parts, as well as in 
cerebellum of the other three fishes. In lateralI (L1) and III (L3) parts of tilapia’s 
cerebellar tissue (Figure 4.56), the fibers were barely seen at the attachment portion of 
cerebellum to the hindbrain. But in mid-sagittal section (L2), the fibers were observed 
along the white matter.  
 
\ 
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Figure 4.53: The arrows show fibers in longitudinal section of keli’s cerebellum 
(Thionin, 40x). (a) lateral I (L1); (b) mid-sagittal (L2); (c) lateral III (L3). 
CCe: Corpus cerebellum. Orientation: A: Anterior; P: Posterior;  
D: Dorsal; V: Ventral. 
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Figure 4.54:The arrows show fibersin longitudinal section of baung’s cerebellum 
(Thionin, 40x). (a) lateral I (L1); (b) mid-sagittal (L2); (c) lateral III 
(L3). CCe: Corpus cerebellum. Orientation: A: Anterior; P: Posterior;  
D: Dorsal; V: Ventral. 
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Figure 4.55: The arrow shows fibersin longitudinal section of jelawat’s cerebellum 
(Thionin, 40x). (a) lateral I (L1); (b) mid-sagittal (L2); (c) lateral III 
(L3).CCe: Corpus cerebellum. Orientation: A: Anterior; P: Posterior;  
D: Dorsal; V: Ventral. 
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Figure 4.56:The arrows show fibersin longitudinal section of tilapia’s cerebellum 
(Thionin, 40x).(a) lateral I (L1); (b) mid-sagittal (L2); (c) lateral III (L3). 
CCe: Corpus cerebellum. Orientation: A: Anterior; P: Posterior;  
D: Dorsal; V: Ventral. 
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 In Figure 4.57, the fibers of keli’s cerebellum looked like a bundle of curved 
lines. The same was observed in tilapia (Figure 4.60) but the fibers showed less 
curvature and the distance between each line was closer. In contrast, the fibers of 
rostrally directed baung’s cerebellum (Figure 4.58) appeared as fairly straight lines, 
with a space observed between each line. Other than that the fibers of jelawat’s 
cerebellum (Figure 4.59) appeared very compact since no space was observed within 
the bundle of those fibers.    
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure 4.57: The fibers of keli’s cerebellum at the higher magnification (a) 200x and  
(b) 400x. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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Figure 4.58:The fibers of baung’s cerebellum at the higher magnification (a) 200x and 
(b) 400x. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: Ventral. 
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Figure 4.59:The fibers of jelawat’s cerebellum at the higher magnification (a) 200x 
and (b) 400x. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: 
Ventral. 
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Figure 4.60:The fibers of the tilapia’s cerebellum at the higher magnification (a) 
200xand (b)400x. Orientation: A: Anterior; P: Posterior; D: Dorsal; V: 
Ventral. 
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 The important fiber systems arising outside the cerebellum entering the 
cerebellar cortex are the mossy fibers and the climbing fibers. This is because they 
conveyed input to the cerebellar cortex. The climbing fibers pass through the 
underlying white matter to the Purkinje cells. The branches originating from each fiber 
climb along the dendritic branches of the Purkinje cell. Thus, only one climbing fiber 
sends input to each Purkinje cell, which means each connection represents a private 
line. There are about 300 synapses for a given climbing fiber and its Purkinje cell, 
which leads to a powerful excitatory effect on the Purkinje cells. The majority of the 
climbing fibers originating from the neurons in the inferior olive and brain stem 
nuclei.(Ottoson, 1983; Kandelet al.,2000).However, Sarnat and Netsky (1981) reported 
that connections from the inferior olive only occur in higher vertebrate.  
 The simple mossy fibers are found in teleosts (Sarnat and Netsky 1981). The 
mossy fibers convey impulses from the vestibular nuclei, the reticular nuclei and the 
ascending spinocerebellar tracts. These fibers divided themselves into branches and 
make contact with the dendrites of the granule cells.The granular cells are called as 
cerebellar interneurons since they are interposed between these afferent fibers and the 
Purkinje cells (Ottoson, 1983). Thus, the mossy fibers actually act indirectly through 
the granule cells to the Purkinje cells. The granule cells subsequently exert excitatory 
influence on Purkinje cells after being excited by the mossy fibers (Sarnat and Netsky, 
1981; Ottoson, 1983).  
 In human cerebellum, the afferent and efferent fibers carry information to and 
from cerebellar cortex by going through cerebellar peduncles. There are three types of 
cerebellar peduncles, namely superior, middle and inferior cerebellar peduncles. 
Normally, the afferent fibers run into the cerebellum through the inferior and middle 
peduncles, while the efferent fibers leave the cerebellum through the superior peduncle. 
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Each peduncle has its own origin and targeting pathway. The inferior cerebellar 
peduncle conveys the exteroceptive and proprioceptive fibers from the spinalcord and 
vestibular system to the cerebellar cortex, while the middle cerebellar peduncle conveys 
the fibers from the pontine nuclei to the cerebellar cortex. The efferent fibers from the 
deep cerebellar nuclei (dentate, emboliform and globose nuclei) compose the superior 
cerebellarpeduncle, which is the main output pathway from the cerebellum (Pansky and 
Allen, 1980; Kandel et al., 2000). However, the existence of these cerebellar peduncles 
could not be discerned in this study. Moreover, no established reports were found 
regarding this matter on fish cerebellum.   
 
 
